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ABSTRACT
Multi-source regression models describing the control of alligatorweed 
with bensulfuron-methyl as influenced by rate and temperature were 
developed under field conditions. Temperature models describing the 
activity of bensulfuron-methyl a t 21 to 84 g ai/ha on alligatorweed were 
linear 7 days after treatment (DAT) and quadratic 14 and 28 DAT. At 7 and 
14 DAT, a minimum average temperature of 14 C was required for 
bensulfuron-methyl activity on alligatorweed. The temperatures for optimal 
alligatorweed control with bensulfuron-methyl at 14 DAT ranged from 21 to 
24 C with rates of 21 to 84 g/ha. Temperatures for optimal alligatorweed 
control w ith bensulfuron-methyl a t 28 DAT ranged from 21 to 22 C with 
rates of 21 to 84 g/ha. Overall, the results indicate that alligatorweed control 
with early season bensulfuron-methyl applications may not be optimal when 
temperatures are less than 20 C or above 23 C.
Laboratory studies were conducted to evaluate influence of soil type 
and pH on the adsorption of bensulfuron-methyl. Four Louisiana rice soils, 
Caddo-Messer silt loam, Crowley silt loam, Gigger silt loam, and Sharkey clay 
were used. Soil type influenced to  a reladve degree of soil binding of 
bensulfuron-methyl. Freundlich constants for Caddo-Messer silt loam, 
Crowley silt loam, Gigger silt loam, and Sharkey clay soil were 2.56, 0.95,
ix
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13.9 and 2.99 respectively. The pH  of the  four soils did not correlate with 
the relative degree of soil binding with a R2=0.01 . Organic matter and day 
content were correlated with soil binding with a R2 = 0.21 and 0.35, 
respectively. Cation exchange capacity had the greatest influence on soil 
binding w ith a R2=0.49 . The Crowley silt loam soil was used to evaluate the 
influence of pH  on bensulfuron-methyl adsorption. Freundlich constants at 
pH 5 , 6, 7, and 8, were 6.38, 3.96, 3.48, and 4.73, respectively. As pH  
increased K showed a downward trend, toward decreased adsorption. The 
poor fit of data at pH  7 and 8 prevented a stronger assessment of the data.
Studies were conducted to evaluate herbicides in combination with 
bensulfuron-methyl to evaluate possible tank-mix partners. Treatments that 
contained triclopyr had increased controll of alligatorweed and was more 
consistent than  the other treatments.
x
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER 1 
INTRODUCTION
Bensulfuron-methyl is a sulfonylurea herbicide used preemergence 
(PRE) and postemergence (POST) in  water-seeded rice to control susceptible 
broadleaf and sedge weeds (Thomson 1989). Bensulfuron-methyl is a weak 
acid with a pKa of 5.2; the water solubility and partition coefficients of 
bensulfuron-methyl are strongly influenced by pH. W ater solubility at 25 C 
ranges from 2.9 m gT at pH 5 to 120 m gT at pH 7 as pH increases, the 
proportion of the water-soluble anionic form increases. The octanol-water 
partition coefficient at 25 C is 155 for pH 5 and 4.1 for pH 7. The effect of 
pH on the octanol-water partition coefficient is the inverse of its solubility in 
water.
Figure 1.1 shows the chemical structure of bensulfuron-methyl. The 
asterisk indicates the hydrogen atom that dissociates at higher pH  values 
(Beyer et al. 1988).
Environment can influence the activity of bensulfuron-methyl. 
Phytotoxic symptoms on weeds may be delayed when air or water 
temperatures are below 21 C (Anonymous 1997). The growth and 
development of weeds in rice fields are generally slower in early spring and 
increases as the temperatures, increase with time. Since most metabolic
1
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N
OCH3
Figure 1.1. Structural formula of bensulfuron-methyl {methyl 2-[[[[[(4,6- 
dimethoxy-2-pyrimidinyl) amino] carbonyl] amino] sulfonyl] methyl] 
benzoate}.
2
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reactions of herbicides in plants are enzymatically catalyzed, temperature 
influences phytotoxicity (Hatzios and Penner 1982). Temperature has been 
shown to affect activity of acetolactate synthase (ALS) enzyme (E.C. 
4.1.3.18) inhibiting compounds (Allen and Snipes 1995; Cashmore and 
Caseley 1995; Edmund and York 1987; Ferreia et al. 1990; Kudsk et al.
1990; Mathiassen et al. 1995; Nalewaja and Adamcyewski 1988; Nalewaja 
and W oznica 1985; Xie et al. 1994; Zhao et al. 1990).
As a sulfonylurea herbicide, bensulfuron-methyl inhibits ALS 
(Bemasconi et al. 1995), thus blocking the synthesis of the branched-chain 
amino adds valine, leudne, and isoleudne (Ohno et al. 1991; Pyon and 
Kwon 1989; Takada e t al. 1985). H erbidde activity is slow because amino 
ad d  reserves are usually not rapidly depleted, and several weeks may be 
needed for control (Stidham 1991).
Previous studies have evaluated the influence of temperature on ALS- 
inhibiting herbicides. Those studies evaluated two or three temperature 
regimes administered as treatments and each analyzed as a categorical 
variable (Allen and Snipes 1995; Zhao et al. 1990). While using two or three 
temperature regimes can help establish statistical relationships between 
temperature and herbidde activity, it can be difficult to predict the results to 
temperatures other than those tested. In addition, studies conducted in a
3
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greenhouse or growth chamber may no t relate to field conditions. W hen 
studies are conducted under rice field conditions, results are more likely to be 
useful for recommending this herbicide in rice production.
Effective weed control is dependent upon a sufficient herbicide 
concentration being available for absorption by the weed. The amount of 
bensulfuron-methyl that binds to soil varies depending on soil organic matter 
(OM), total cation exchange capacity (CEC), and soil pH. Binding tends to 
increase as OM and CEC increase and pH decreases (Yuyama et al. 1987). 
Bensulfuron-methyl anions will predominate at pH values above 5.2, and the 
neutral form of the herbicide will predominate below a pH  of 5.2. The 
neutral form will bind to OM more than the anionic form (Bailey and W hite 
1964, Mersie and Foy 1987). The influence that pH has on partitioning is 
demonstrated by the octanol-water partition coefficients of 155 and 4.1 at 
pH 5 and 7, respectively (Beyer et al. 1988). Yuyama et al. (1987), reported 
that soil pH did not consistently correlate to adsorption; however, a narrow 
pH range of 5.1 to 6.5 was used in their study.
Bensulfuron-methyl effectively controls many broadleaf weeds and 
sedges. Adequate control of cocklebur (Xanthium strumarium L.), rice 
flatsedge (Cvperus iria L.), texasweed rCaperonia palustris (L.) St. Hill] and 
ducksalad fHeteranthera limosa (Sw.) Willd.] can be obtained with 43 to 71
4
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g/ha rates of bensulfuron-methyl. Bensulfuron-methyl at 71 g/ha results in a 
marked reduction in growth and vigor of alligatorweed [~Altemanthera 
philoxeroides (Mart.) Griseb.] when runners are under 31 cm (Anonymous 
1997). Alligatorweed reproduces vegetatively and is present in many rice 
fields throughout the year (Okada et al. 1985). Because alligatorweed is 
present when rice is planted, early season control is recommended.
Two methods of enhancing the efficacy of bensulfuron-methyl are to 
vary herbicide rate and use complimentary herbicides in combination which 
broaden the weed control spectrum. By tank-mixing bensulfuron-methyl 
with herbicides with different mechanisms of action, it may be possible to 
increase control of alligatorweed without causing crop injury or reducing 
control of other weeds. In most cases, agri-chemicals applied in combination 
will act independendy with no adverse reacdon to the crop or target pest 
(Snipes and Allen 1996). In addition it may be possible to use lower 
herbicide rates by tank mixing. Herbicide mixtures may be the best method 
to reduce herbicide rates while maintaining weed control at acceptable levels 
(Green 1991).
The objectives of this research was to determine the affect of 
temperature, herbicide combinations, soil type and pH  on the activity of 
bensulfuron-methyl. Using the results of research, a model to predict the
5
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influence o f temperature on activity of bensulfuron-methyl can be developed.
The adsorption of bensulfuron-methyl on four Louisiana soils and the effects
of soil pH  on adsorption can be modeled. The potential benefit of tank-mix
to enhance control of alligatorweed was investigated.
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CHAPTER 2
M ODELING BENSULFURON-METHYL ACTIVITY ON 
ALLIGATORWEED (A ltem anthera philoxeroides) AS AFFECTED BY
TEMPERATURE
INTROD U CTION
Alligatorweed fAltemanthera philoxeroides (Mart.) Griseb.] is a 
perennial aquatic broadleaf weed that reproduces vegetatively through 
rhizomes. Tillage does not control alligatorweed but rather promotes its 
spread (Okada et al. 1985). Control of alligatorweed with herbicides has 
been attem pted for many years with only limited success (Tucker et al. 
1994). Herbicides are available tha t control alligatorweed, but most are 
either not federally approved for use in rice (Orvza sativa L.) or for early 
season applications. The phenoxy herbicides control alligatorweed; however, 
if applied prior to 4-leaf stage or after the 1.3 cm intemode elongation stage 
of rice growth, severe injury may occur (Smith 1988).
Bensulfuron-methyl is used to control aquatic broadleaf weeds and 
sedges in rice (Beaty et al. 1993; Braverman 1995; Hill et al. 1990; Ohno et 
al. 1991; Pyon and ICwon 1989), and it can be used for early season 
alligatorweed suppression (Anonymous 1997). Bensulfuron-methyl is a 
sulfonylurea herbicide that inhibits the acetolactate synthase (ALS) enzyme 
(E.C. 4.1.3.18) (Bernasconi et al. 1995), thus blocking the synthesis of the
9
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
branched-chain amino adds valine, leutine, and isoleudne (Ohno e t al. 1991;
*
Pyon and Kwon 1989; Takada et al. 1985). Herbiddes that inhibit ALS act 
slowly while amino add reserves are gradually depleted (Stidham 1991).
Plant growth and development of weeds in rice generally increase as 
tem perature increases. Since most metabolic reactions of herbiddes in plants 
are enzymatically catalyzed, temperature can be expected to influence 
phytotoxicity (Hatzios and Penner 1982). Warmer temperatures have been 
shown to inhibit the activity of ALS-inhibiting compounds (Allen and Snipes 
1995; Edmund and York 1987; Zhao et al. 1990). However, other studies 
have shown th a t warmer temperatures can enhance the activity of AJLS- 
inhibiting compounds (Mathiassen et al. 1995; Nalewaja and Adamcyewski 
1988; Kudsk et al. 1990). It can be conduded that the effects of temperature 
on the efficacy of ALS-inhibiting compounds is neither clear nor consistent in 
various plants.
One possible approach to evaluate the influence of temperature on the 
activity of ALS-inhibiting herbiddes would be to analyze the data as a multi­
source regression using temperature as a covariable or analysis of covariance. 
The analysis of covariance can be described as combining the methods of 
regression and analysis of variance (Freund and Littell, 1981). Previous 
studies were conducted using 2 or 3 temperature regimes, which are
10
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administered as treatm ents and analyzed as a categorical variable (Allen and 
Snipes 1995; Zhao et al. 1990). Experiments conducted and analyzed in this 
manner can establish statistical relationships between temperature and 
herbicide activity; however, relating activity to other temperatures not used is 
difficult. Analysis of covariance can be used to describe models of herbicide 
response to various temperatures, making it possible to compare the relative 
activity of a herbicide at a specific temperature within a model’s range. The 
most accurate estimate of plant sensitivity to a herbicide is an application 
rate near the 50 percent inhibition (I50 ) value (Seefeldt et al. 1995). W hile 
this level of control is not acceptable for weed management control, it is 
useful for testing the influences of temperature on control.
Once a field is infested with alligatorweed it is a problem not only 
prior to planting but also throughout the growing season. Therefore, control 
measures will likely be accompanied by a wide range of temperatures. 
Bensulfuron-methyl is labeled at a rate of 71 g ai/ha for the suppression of 
alligatorweed early season and can be used after the 1-leaf stage of rice 
(Anonymous 1997) when colder temperatures may be encountered.
The objective of this study was to develop a model for predicting 
efficacy of bensulfuron-methyl on alligatorweed at differing ambient 
temperature under field conditions.
11
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
MATERIALS AND METHODS 
Field studies. Experiments were conducted at the Rice Research Station in 
Crowley, LA in 1993, 1994, and 1995. The soil was a Crowley silt loam (fine 
montmorillonitic, thermic Typic Albaqualf) with a pH of 5.5 and 1.4 % 
organic matter. Plot size was lm  X 4.5m (4.4 X 10-4 ha). Each plot was 
bordered with metal edging staked and sealed with soil to a depth of 4 cm to 
prevent treated flood water from moving between plots.
Approximately 2.5 kg fresh weight of alligatorweed stem cuttings 
ranging from 20 to 100 cm in length, were planted by hand into each plot 10 
to 14 days prior to initial herbicide application each year. In 1995, a 
prolonged rainy period delayed land preparation and planting.
Six applications of commercial formulated bensulfuron-methyl were 
scheduled on two-week intervals starting prior to rice planting using a C 02 
pressured backpack sprayer calibrated to deliver 112 L/ha at a pressure of 145 
kPa (Table 2.1). A few deviations from the schedule occurred in 1993 and
1994. Approximately 2 wk following the fourth herbicide application pre­
germinated ‘Maybelle’ rice was aerially water-seeded at 140 kg/ha on May 14, 
1993, May 19, 1994, and June 9, 1995. Plots were drained after seeding to 
allow for rice establishment. Rice stand establishment was not successful in
1995, due to low rice seedling vigor, warm water temperatures,rice water
12
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Table 2.1. Application dates of bensulfuron-methyl on alligatorweed in 
1993, 1994, and 1995.
Application3 1993 1994 1995
1 March 19 March 18 April 17
2 April 2 April 1 April 25
3 April 16 April 15 May 8
4 May 4 April 29 May 22
5 June 4 June 11 July 21
6 June 19 June 25 July 26
A pplication number corresponds to the first through sixth application that 
occurred in each year.
13
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weevil (Lissorhoptrus orvzophilus Kuschel), and severe bird damage. A 
permanent 4 to 6 cm flood was established when rice reached the 4- to 5- leaf 
stage and maintained throughout the growing season. Herbicide applications 
resumed following the establishment of the permanent flood. Standard 
agronomic and pest management practices were followed throughout the 
year.
Visual ratings of alligatorweed control were estimated at 7, 14, and 28 
days after treatment (DAT)1 on a scale of 0 = no control to 100% = 
complete control. Air temperatures (C) were recorded continuously with a 
strip chart thermograph and hourly temperatures were used to calculate the 
average temperature for 7, 14, and 28 DAT. Average temperatures were used 
due to easy access from existing weather records for other rice growing areas 
and used for developing recommendations.
The experimental design was a randomized complete block with four 
replications. Treatments were arranged in a 6 X 5 factorial with 6 application 
times and 5 rates of bensulfuron-methyl. Multi-source regression analysis 
with bensulfuron-methyl rate and temperature as covariants were conducted. 
The year affect was significant which is expected and typical, the year affect 
was removed during the analysis. Rating dates were determined to be
'Abbreviation: DAT, days after treatment.
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separate model components, and separate analysis were conducted for each 
rating date. Linear, quadratic and cubic models were tested. Once the 
appropriate model was determined the models were fitted (Neter and 
Wasserman 1974). Comparisons of the models for each bensulfuron-methyl 
rate within a rating date were conducted. This was accomplished by printing 
each model on acetate sheets. Sheets were overlaid on an illuminated viewer 
and the point where their 95% confidence intervals overlapped or diverged 
were determined.
W ith quadratic models, the optimal temperature for maximum weed 
control was calculated, by solving equation 1. The equation is based upon 
“Rolle’s Theorem” (Thomas 1968) as follows: The x = optimal temperature, 
bj = the coefficient of the linear part of the equation and b2= the coefficient 
of the quadratic part of the equation.
x = b /(-2 b 2) (1)
To determine temperature extremes which could resulted in 
sub maximum control, a confidence interval around the optimal temperature 
was developed for each quadratic model. The confidence interval was 
determined using “Heller’s Theorem” (Casella and Berger 1990).
A confirmation experiments was conducted under greenhouse 
conditions to complement the field studies. The greenhouse study was
15
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initiated on March 1, 1996 in Baton Rouge, LA. Approximately 0.5 kg of 
alligatorvveed was planted into plastic 37 cm X 37 cm X 21 cm containers 
filled with 2-cm of Crowley silt loam soil. The confirmation studies allowed 
for different temperature regimes for comparison to the models developed 
from the field experiments. Bensulfuron-methyl was applied at 0, 21, 42, and 
84 g/ha with a C 0 2 pressurized backpack sprayer calibrated to deliver 112 
L/ha at a pressure of 145 kPa approximately 24 d after transplanting 
alligatorweed. Visual ratings of alligatorvveed control were estimated at 7, 14, 
and 28 DAT on a scale of 0 =  no control to 100% = complete control. Air 
temperatures were recorded as previously described.
RESULTS AND DISCUSSION 
Field M odel. A temperature-dependent model, describing the activity of 
bensulfuron-methyl on alligatorweed, was constructed for 7, 14, and 28 DAT 
for all rates (Table 2.2). Linear, quadratic, and cubic models were evaluated.
At 7 DAT, linear models were significant at the 0.01% level of 
probability with an R2 value of 0.55 (Figure 2.1, 2.2, 2.3, and 2.4). Control 
was less than 20% for all treatments. It appears that a minimum average 
temperature of 13 to 15 C was required for bensulfuron-methyl activity. The 
confidence intervals for both the confirmation study and field models are in
16
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--------------------------------------- 7 days after treatm ent------------------------------------
0 y3 = 0.823 - 0.028(T7D)b 0.55c
21 y =  4.366 + 0.488(T7D)
42 y =  -0.091 + 0.946(T7D)
63 y = 4.366 + 0.314(T7D)
84 y = -7.453 + 0.316(T7D)
-------------------------------------- 14 days after treatm ent-----------------------------------
0 y =3.188 + 0 .893(T l4D) - 0.032(Tud)2 0.44
21 y = -89.441 + 11.250(TI4D) - 0.263(T14D)2
42 y = -169.429 +  18.601(T14D) - 0.409(T14D)2
63 y = -129.526 + 15.004(T14D) - 0.326(T14D)2
84 y = -155.017 +  17.3I6(Tl4D) - 0.369(T14D)2
Table continued
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 28 days after trea tm en t----------------------------------
0 y  = -8.293 + 1.377(T2SD) - 0.036(T28D)2 0.67
21 y  = -297.917 + 33.185(T28D) - 0.794(T28D)2
42 y  = -271.951 + 31.763(T28D) - 0.761(T28D)2
63 y  = -401.707 + 43.690(T28D) - 1.018(T28D)2
84 y  = -382.672 + 41.595(T28D) - 0.957(T28D)2
aDependant variable: y = alligatorweed control 
bIndependent variable: T7D, average temperature (C) from time of 
application to 7 days after treatment; T 14d, average temperature (C) from time 
of application to 14 days after treatment; T 28D, and average temperature (C) 
from time of application to 28 days after treatment.
CR2 values are the coefficient of determination for alligatorweed control and 
average temperature, and all F values were significant at the 1% level of 
probability.
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Figure 2.1, Alligatorweed control with 21 g ai/ha bensulfuron-methyl at 7 days after treatment as influenced by
temperature. Data points of field study ( * ), line of regression model ( —  ) and 95% confidence intervals
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Figure 2,2. Alligatorweed control with 42 g ai/ha bensulfuron-methyl at 7 days after treatment as influenced by
temperature. Data points of field study ( ■ ), line of regression model ( —  ) and 95% confidence intervals
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Figure 2.3. Alligatorweed control with 63 g ai/ha bensulfuron-methyl at 7 days after treatment as influenced by
temperature. Data points of field study ( ■ ), line of regression model ( — ) and 95% confidence intervals
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A v e ra g e  te m p e ra tu re  (C )
Figure 2.4. Alligatorweed control with 84 g ai/ha bensulfuron-methyl at 7 days after treatment as influenced by
temperature. Data points of field study ( ■ ), line of regression model ( —  ) and 95% confidence intervals
( .........). Data points of confirmation study ( ♦ ) and 95% confidence interval.
agreement 7 DAT (Figure 2.1, 2.2, 2.3, and 2.4). The bensulfuron-methyl 
label is in agreement with the models that were developed for 7 DAT.
At 14 DAT, quadratic models were found to be significant at the 0.01 
level of probability with an R2 of 0.44 (Table 2.1 and Figure 2.5, 2.6, 2.7, 
and 2.8). Alligatorweed control was at least 15% for all rates of bensulfuron- 
methyl compared to the nontreated at temperatures above 14 C. 
Alligatorweed control with 21, 42, and 63 g/ha of bensulfuron-methyl was 
equal at temperatures below 17 C, but at temperatures above 17 C, 42 and 
63 g/ha of bensulfuron-methyl had 30% control of alligatorweed. 
Alligatorweed control with 21 and 84 g/ha of bensulfuron-methyl was less 
than 23% at temperatures below 16 C, but with temperatures above 16 C, 84 
g/ha of bensulfuron-methyl had 27% alligatorweed control compared to 23% 
control with 21 g/ha bensulfuron-methyl. Alligatorweed control with 42 and 
63 g/ha of bensulfuron-methyl was equal at all temperatures. Control of 
alligatonveed was the same with 42 and 84 g/ha of bensulfuron-methyl where 
temperatures were 18 C. However, a t temperatures above 18 C, 84 g/ha of 
bensulfuron-methyl had increased control as compared to 42 g/ha.
At 14 DAT, alligatorweed control with 63 and 84 g/ha of bensulfuron- 
methyl was equal at temperatures below 20 C. Bensulfuron-methyl controlled 
43% of alligatorweed at 84 g/ha and 40% at 63 g /ha when temperatures
23
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Figure 2.5. Alligatorweed control with 21 g ai/ha bensulfuron-methyl at 14 days after treatment as influenced
by temperature. Data points of field study ( ■ ), line of regression model ( —  ) and 95% confidence intervals
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Figure 2.6. Alligatorweed control with 42 g ai/ha bensulfuron-methyl at 14 days after treatment as influenced
by temperature. Data points of Field study ( ■ ), line of regression model ( —  ) and 95% confidence intervals
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Figure 2.7. Alligatorweed control with 63 g ai/ha bensulfuron-methyl at 14 clays after treatment as influenced
by temperature. Data points of field study ( ■ ), line of regression model ( —  ) and 95% confidence intervals
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Figure 2.8. Alligatorweed control with 84 g ai/ha bensulfuron-methyl at 14 days after treatment as influenced
by temperature. Data points of field study ( ■ ), line of regression model ( —  ) and 95% confidence intervals
( .........). Data points of confirmation study ( ♦ ) and 95% confidence interval.
were above 20 C. At 14 DAT, th e  quadratic models indicated that the 
optimal temperatures for alligatorweed control were 21, 23, 23, and 24 C for 
21, 42, 63, and 84 g/ha of bensulfuron-methyl, respectively, which resulted in 
30, 42, 44, and 47% control, respectively. Applications made at 
temperatures below 20 C and above 25 C resulted in reduced alligatorweed 
control (Figure 2.5, 2.6, 2.7, and 2.8). Table 2.3 lists optimal temperatures 
and confidence intervals.
At 28 DAT, the quadratic models indicated that the optimal 
temperatures for alligatorweed control are 19 to 24 C, which resulted in 50, 
59, 67 and 70% control from bensulfuron-methyl at 21, 42, 63, and 84 g/ha, 
respectively (Figure 2.9, 2.10, 2.11 and 2.12). Applications made at 
temperatures below 20 C or made a t temperatures above 23 C had less 
alligatorweed control at all rates bensulfuron-methyl evaluated. Similar 
results have been reported for imidazolinones. Malefyl and Quakenbush 
(1991) reported increased phytotoxicity with imidazolinones herbicides with 
a midrange of temperatures.
The confidence intervals for the confirmation study in the lower 
temperature range are out of the m odel’s range (Figure 2.9, 2.10, 2.11 and 
and 2.12); however, if the models are extended back to the y axis , it appears 
the study would still be in agreement. The confirmation study at higher
28
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Table 2.3. Optimal temperatures for alligatorvveed control 14 and 28 days 
after treatm ent with bensulfuron-methyl.
Bensulfuron-methyl _______________DAT3___________
g ai/ha  14b---------   28c
C %d C %
21 21 (20,22)' 30 21 (20,22) 50
42 23 (22,24) 42 21 (20,22) 59
63 23 (22,24) 44 22 (21,23) 67
84 24 (23,25) 47 22 (21,23) 70
aDAT, Days after treatment.
bTemperature shown is the average temperature from time of application to 
14 days after treatment.
‘Temperature shown is the average temperature from time of application to 
28 days after treatment.
dOptimal percent alligatorweed control obtained from model.
'Values in parentheses are the lower and upper ranges, respectively, of the 
95% confidence interval of the optimal temperature.
29
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Figure 2 .9 . Alligatorweed control w ith 2 1 g ai/ha bensulfuron-m ethyl at 28 days after treatm ent as influenced 
by tem perature. D ata points of field study ( ■ ), line of regression model ( — ) and 95% confidence intervals 




























16 17 18 19 20 21 22 23 24 25 26 27 28 29
A v e ra g e  te m p e ra tu re  (C )
Figure 2.10. Alligatorweed control with 42 g ai/ha bensulfuron-methyl at 28 days after treatment as influenced
by temperature. Data points of field study ( ■ ), line of regression model ( —  ) and 95% confidence intervals
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Figure 2.11. Alligatorweed control with 63 g ai/ha bensulfuron-methyl at 28 days after treatment as influenced
by temperature. Data points of Field study ( ■ ), line of regression model ( —  ) and 95% confidence intervals
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Figure 2 .1 2 . A lligatorw eed  control w ith  8 4  g  ai/ha b en su lfu ron -m eth y l at 2 8  days after treatment as influenced
by temperature. Data points of field study ( ■ ), line of regression model ( —  ) and 95% confidence intervals
( ......... ). Data points of confirmation study ( ♦ ) and 95% confidence interval.
temperatures and bensulfuron-methyl rates of 21, 42, and 63 g/ha had greater 
alligatorweed control; however, compared to the model, the confidence 
interval for the confirmation study is in agreement w ith the 84 g/ha rate. The 
reduced control in the model is probably due to larger rice plants being 
present at this later application, and the rice foliage may have intercepted 
some of the spray droplets reducing the control of the alligatorweed.
The alligatorweed control models for 28 DAT are quadratic (Figure 
2.9, 2.10, 2.11 and 2.12). Earlier research shows tha t the greatest level of 
phytotoxicity occurs in a midrange of temperatures, both  the warmer and 
colder temperature regimes resulted in less control (Malefyl and Quakenbush 
1991).
Sulfonylurea herbicides are weak acids. As temperature increases, the 
absorption and translocation of some weak acid herbicides increase (Kells et 
al. 1984, Lym and Messersmith 1990, Beyer et al. 1988). A temperature- 
dependent increase in absorption-translocation may explain the increase in 
phytotoxicity that occurs at warmer temperatures. The 28 DAT models 
appear to be related to detoxification, absorption, and translocation.
Increased absorption and translocation increases phytotoxicity, while 
detoxification decreases phytotoxicity. Detoxification of sulfonylurea 
herbicides increases by a factor of 2 to 5 for every 10 C temperature increase
34
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
(Beyer et al. 1988), resulting in a decrease in phytotoxicity. The opposing 
response of absorption and translocation compared with detoxification 
resulted in a quadratic response of phytotoxicity as related to temperature.
Based upon the models developed, at 28 DAT with temperatures 
colder than the optimal temperature, the temperature dependent changes in 
phytotoxicity are influenced by adsorption and translocation. A t 
temperatures greater than the optimal temperature, dependent changes in 
phytotoxicity are primarily influenced by detoxifictrion of bensulfuron- 
methyl. The results of this research explain the contradictory results of 
previous research on ALS inhibiting herbicide.
In conclusion, findings of this study indicate that control of 
alligatorweed with applications of bensulfuron-methyl early in the season 
may not achieve optimal control if temperatures are lower than 20 C or above 
23 C. Applications of bensulfuron-methyl made in the Crowley Louisiana 
area during the month of April are likely to be at optimal temperatures. Rice 
farmers should consider the temperature patterns before making applications.
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CHAPTER 3
ADSORPTION OF BENSULFURON-METHYL ON 
FOU R LOUISIANA SOILS
INTROD U CTION
Bensulfuron-methyl is a sulfonylurea herbicide used to control 
broadleaf weeds and sedges in rice (Orvza sativa L.) (Beaty et al. 1993, 
Braverman 1995). Effective weed control is dependent upon a sufficient 
herbicide concentration being available for absorption by the weed, and this 
can be affected by the am ount tha t binds to the soil. The amount of 
bensulfuron-methyl that adsorbs to soil varies depending on soil organic 
m atter (O M )1, total cation exchange capacity (CEC), and soil pH. Binding 
tends to increase as OM and to tal CEC increase; however, binding decreases 
as pH  increases above 5.2 (Yuyma et al. 1987).
Bensulfuron-methyl is a weak acid with a pIC, of 5.2, and its solubility 
in water at 25 C is 2.9 mg/L a t pH  5.0 and 120 mgL at pH 7.0 (Beyer et al.
1988). Because surface pH of colloids is often lower than soil solution pH by 
as much as two or three units (Bohn et al. 1985), the pKa of bensulfuron- 
methyl allows the molecular and anionic form of the bensulfuron-methyl to 
exist in Louisiana rice soils. Bensulfuron-methyl in anionic form will
Abbreviations OM, organic matter; CEC, cation exchange capacity.
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predominate at pH  values above 5.2, and the neutral form will predominate 
at pH  values below 5.2. The neutral form of bensulfuron-methyl will bind to 
OM in soil more than the  anionic form (Bailey and W hite 1964, Mersie and 
Foy 1986). Partitioning of bensulfuron-methyl between OM and soil 
solution is demonstrated by the octanol-water partition coefficient of 155 
and 4.1 at pH 5.0 and 7.0, respectively (Beyer et al. 1988). Thus, OM 
content and soil pH  are both important factors governing the adsorption of 
bensulfuron-methyl in soil, bu t their effects are not independent.
Bensulfuron-methyl can be applied preflood or posflood. If a preflood 
bensulfuron-methyl application is made, the field should then be 
“permanently” flooded w ithin 7 days. Flood water should be maintained for 
at least 7 days. For optimal weed control, water needs to be maintained for 2 
or 3 weeks at a depth o f at least 7.6 cm following application (Anonymous 
1997).
Bensulfuron-methyl can injure cotton (Beaty et al. 1993) and soybean 
(Beaty et al. 1992) when bensufluron-methyl is drifted onto crops. Despite 
the rapid dissipation of bensulfuron-methyl there is some carryover risk to 
other crops (Bowmer et al. 1992). Sulfonylureas have been reported to cause 
injury to rotational crops, and may need 6 half-lives to avoid damage to 
subsequent rotational crops (Beyer et al. 1988). Nicosia et al. (1991)
40
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reported detecting bensulfuron-methyl in agricultural drain water a month 
after application, which would have an impact on aquatic plants. In previous 
studies soil pH  did not appear to correlate with soil adsorption; however, pH 
ranged only from 5.1 to 6.5 (Yuyama et al. 1987).
The objectives of this study were to determine the adsorption of 
bensulfuron-methyl in four Louisiana soils and the effect of soil pH on 
adsorption.
MATERIALS AND METHODS
Four soils w ith varying pH, OM  content, texture, and CEC were 
evaluated in this study (Table 3.1). The soils were a Caddo-Messer silt loam 
complex (fine-silty, siliceous, thermic Typic Glossaqualf), (coarse-silty, 
siliceous, thermic Haplic Glossudalf), Crowley silt loam (fine 
montmorillonitic, thermic Typic Albaqualf), Gigger silt loam (fine-silty, 
mixed, thermic Typic Fragiudalf), and Sharkey clay (very-fine, 
montmorillonitic, thermic Vertic Haplaquept).
Ten soil samples of 15 cm diameter were collected from each of the 
four soils to a depth of 10 cm. These soils represent typical rice growing soils 
in Louisiana. The soils were air dried, sieved through a 2-mm screen, and 
stored at room temperature until use.
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Table 3.1. Chemical and physical properties of soils used in bensulfuron-methyl adsorption studies.
Soil Texture pH“
Organic




Caddo-Messer silt loam complex 5.0 1.13 19 93 18 18.4
Crowley silt loam 5.5 1.40 3 69 28 19.1
Gigger silt loam 5.5 0.77 5 74 21 16.4
Sharkey clay 5.9 1.72 0 29 71 32.6
io “Soil characterization was conducted at Agronomy Department Soil TestingLaboratory, Louisiana State 
University.
bSoil characterization was conducted at A&JL Laboratory Memphis , TN, lab.
Adsorption am ount calculation: The quantity of bensulfuron-methyl 
adsorption on soil was calculated as follows:
E =  10A-[{(D-C)/(B-C)}*10A] [1]
Where A =  the am ount of bensulfuron-methyl initially in solution, £ig/ml; B 
= the radiation of a sample initially in counts per minute; C = the radiation of 
a blank sample in counts per minute; D = the radiation of a sample after 
adsorption in counts per minute; E = the amount of bensulfuron-methyl 
adsorbed onto soil, /ug/g.
A dsorption  study. Adsorption isotherms were determined for each soil by 
the following method. One gram of each soil was placed in a 25 ml glass 
centrifuge tube. A solution of I4C-bensulfuron-methyl (specific activity 518 Bq 
mmol'1, 97.3% radiochemical purity, uniformly labeled in the phenyl ring) was 
prepared in  100 ml of deionized water to create a solution of 0.3 //.g/L. Then 
non-radiolabeled bensulfuron-methyl as a carrier was also dissolved in 1.0 L of 
deionized water to create a solution of 30 /u.gfL. Aliquots from the radiolabeled 
solution and the carrier solution were pipetted into the 25 ml glass centrifuge 
tubes to create concentrations of 0, 0.075, 0.15, 0.45 and 0.6 jugT, each 
containing 67 Bq/ml in radioactive content. All samples were then counted for 
sufficient tim e so th a t the standard error of the counting rate was +/- 5% or 
less as described by W ang and Willis (1965). The highest bensulfuron-methyl
43
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concentration represents approximately 0.007 times the recommended field 
rate of 71 g/ha. Each o f these solutions was combined with, the soil in a ratio 
of 10 ml of solution to 1 gram of soil, and placed in a reciprocating shaker for 
24 h at room temperature. A preliminary time-course study indicated 
bensulfuron-methyl adsorption was completed by 24 h. Following equilibrium, 
samples were centrifuged a t 600 X g  for 30 min, and 1 ml of the supernatant 
was combined with 15 ml of a water-accepting scintillation solution2. The 
samples were analyzed by liquid scintillation spectrometry3 using internal 
quench correction standards. The amount of I4C-bensulfuron-methyl adsorbed 
on soil was determined by  multiplying the counts in each vial by 10 to give 
cpm/10 ml supernatant and subtracting this value from that originally placed 
in each tube.
The study was conducted as a completely randomized design with four 
replications. Contents of centrifuge tubes were sampled in triplicate. The 
experiment was repeated. Adsorption isotherms were fitted to the Freundlich 
equation:
X =K CI/n [2]
2Ultima Gold liquid scintillation solution, Packard Instrument Company, 800 
Research Parkway, Meriden, CT 06450.
3Liquid Scintillation Spectrometry, Model LS 6000LL, Beckman Instruments, 
Inc, 2500 FFarbor Boulevard, Fullerton, CA. 92634-3100.
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where X = amount adsorbed (ng/g soil), K,n = constants, and C = equilibrium 
concentration (/x.g'ml). LogI0 values of adsorbed bensulfuron-methyl (X) were 
regressed against logI0 values of equilibrium concentration (C) to obtain 1 In 
constants for the linear form of the Freundlich equation.
Effect of pH  o n  adsorption. The Crowley silt loam soil was used to evaluate 
the influence of pH on bensulfuron-methyl adsorption. One gram of soil was 
placed in a 25 ml centrifuge tube. The soil was washed with 10 ml of 0.1 M 
KC1 and the supernatant was discarded. To minimize soluble Al this 
procedure was repeated. Ten ml of 0.1 M  KC1 were added to the soil and the 
pH was adjusted with the appropriate amounts of NaOH or HC1 as described 
by Celi et al. (1996); Fontaine et al. (1991); Neal and Sposito (1989); Pusino 
et al. (1994); Scheidegger et al. (1996); Yermiyahu et al. (1995) and Xue and 
Harrison (1991) to obtain pH values of 5, 6, 7, and 8. The tubes were placed 
on an oscillating shaker for 12 hr at room temperature to allow the pH to 
equilibrate. The samples were washed with 10 ml of 0.01 M NaCl three times 
in order to equalize the ionic concentration in all samples. After the final 
washing, 10 ml of 0.01 M NaCl was added and the pH was recorded. To 
determine adsorption, 1 g of pH adjusted soil, 10 ml of 0.01 M NaCl, and the 
appropriate concentration of bensulfuron-methyl, as discussed in the 
adsorption study was added to each tube. l4C-bensulfuron-methyl was placed
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in each centrifuge tube so th a t each centrifuge tube contained 67 Bq/ml in 
radioactive content.
Each solution was placed on a reciprocating shaker for 24 h r at room 
temperature. The samples were centrifuged a t 600 g for 30 min and 1 ml of 
the supernatant was combined with 15 ml of a  water-accepting scintillation 
cocktail. Triplicate aliquots were taken from each centrifuge tube. The study 
was conducted as a completely random design with four replications. 
Adsorption isotherms were fitted to the Freundlich equation as described in 
the previous section.
RESULTS AND DISCUSSION 
Influence of soil type on  adsorption. The Freundlich equation adequately 
described bensulfuron-methyl adsorption for all soils. Coefficients of 
determination (R2) for the linear form of the Freundlich equation ranged from 
0.92 to 0.99 (Table 3.2). The IC values observed for all four soils ranged from 
0.95 to 2.99, indicating th a t bensulfuron-methyl was weakly absorbed to the 
four soils. Previous research showed that bensulfuron-methyl was strongly 
adsorbed onto silty clay soils with a IC = 12 to  14; however, the soils evaluated 
had much higher organic m atter contents of 4.3 to 7.5% (Catka 1985) 
compared to 0.70 to 1.72% for this research. Applying the mobility classes 
described by Helling and Turner (1968) and Briggs (1981)
46
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Table 3 .2 . Freundlich and adsorption (K) constants for four Louisiana soil 
types used in this experiment.________________________________________
Soil type pH OM a IC 1/n R2
%
Caddo-Messer 5.0 1.13 2.56 0.77 0.92
Crowley 5.5 1.40 0.95 0.88 0.97
Gigger 5.5 0.77 1.39 0.80 0.98
Sharkey 5.9 1.72 2.99 0.91 0.99
^Abbreviations: OM, organic m atter content.
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to the data of Catka (1985) demonstrates dass I mobility (immobile) for 
bensulfuron-methyl. However, this research demonstrated that bensulfuron- 
methyl has dass III mobility (intermediate) on Louisiana soils. Therefore 
bensulfuron-methyl poses a greater risk for ground water contamination than  
previous research indicates.
Soil pH  did not correlate to soil binding (R2=0.01) (Table 3.4).
Organic m atter content and day  content correlated to bensulfuron-methyl 
adsorption with R2 values of 0.21 and 0.35, respectively. Organic m atter and 
d ay  content ranged from 0.70 to 1.72% and 18 to 71%, respectively. The 
CEC had the greatest influence on soil binding with an R2=0.49. This 
research indicates bensulfuron-methyl is weakly adsorbed onto all the 
Louisiana soils evaluated, and it should not be necessary to adjust application 
rate for soils of this study.
Effects of pH  on  adsorption. The isotherms th a t were developed on the 
Crowley silt loam for the 4 adjusted pH values did not correlate as well as the 
isotherms developed for soil type (Table 3.4 and Figure 3.1. A and B). The R2 
values were 0.77, 0.61, 0.29, and 0.18 for pH 5.0, 6.0, 7.0, and 8.0, 
respectively. The initial pH for the Crowley silt loam soil is 5.5. As soil pH  is 
adjusted farther from the original pH, the isotherm developed had a smaller 
R2. As pH  increased IC had a downward trend, toward decreased
48
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Table 3.3. Effect of soil characteristics on bensulfuron-methyl adsorption.
Soil characteristic Range in test R2
pH 5.0-5.9 0.01
Organic m atter 0.70-1.72% 0.21
Clay content 18-71 % 0.35
Cation exchange capacity 16.4-32.6 cmol/Kg 0.49
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Table 3.4. Bensulfuron-methyl regression equation for prediction of 
adsorption on Crowley silt loam soil adjusted to pH 5, 6, 7, and 8.
pH K 1/n R2
5 6.38 0.73 0.77
6 3.96 0.71 0.61
7 3.48 0.58 0.29
8 4.73 0.47 0.18
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Figure 3 .1 . Isotherms for bensulfuron-methyl adsorption (A) on Caddo- 
Messer silt loam complex, Crowley silt loam, Gigger silt loam, and Sharkey day  
soil. (B) Adsorption on Crowley silt loam soil adjusted to pH  5, 6, 7, and 8.
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adsorption. This trend is toward increased weed toxicity. The poor fit of data at 
pH 7 and 8 prevents a stronger assessment o f the data (Table 3.4 and Figure 3.1 
(B)). A variation introduced by adjusting the  soil pH is probably a source of 
experimental error.
Bensulfuron-methyl is weakly adsorbed on the Louisiana soils that were 
evaluated. The weak adsorbtion is probably is due to the low OM  contents in 
these soils. The weak adsorption of bensulfuron-methyl poses an intermediate 
risk for ground water contamination. Because adsorption of bensulfuron-methyl 
was weak for all soils evaluated, there should not be any differences in weed 
control among these soils. As pH  increased, adsorption had a downward trend. 
However, the poor data fit between pH and adsorption prevents a stronger 
assessment of this data.
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CHAPTER 4
ALLIGATORWEED (A ltem anthera philoxeroides) CONTROL AND 
RICE (Orvza sativa) INJURY W ITH  BENSULFURON-METHYL IN 
COMBINATION W ITH OTHER HERBICIDES
INTRODUCTION
Control of alligatorweed fAltemanthera philoxeroides (Mart.) Griseb.] in 
rice has been attempted for many years with limited success (Steenis and 
McGilvery 1961). Alligatorweed is an aquatic broadleaf perennial weed that 
reproduces vegetatively by sprouting from rhizomes. Tillage does not control 
this weed and actually may promote its spread (Okada et al. 1985).
Bensulfuron-methyl is a sulfonylurea herbicide th a t inhibits the 
acetolactate synthase (ALS) enzyme (E.C. 4.13.18) (Bemasconi et al. 1995). 
Bensulfuron-methyl is used to control aquatic broadleaf weeds and sedges in rice, 
and may be tank-mixed with grass herbicides (Beaty et al. 1993; Braverman 
1995; Hill et al. 1990; Ohno et al. 1991; Pyon and Kwon 1989). Bensulfuron- 
methyl can be applied before or after-flood by spraying over foliage or into patty 
water (Anonymous 1997; Braverman 1995). This herbicide can also be 
impregnated on fertilizer and applied as a granule. Optimal control is achieved 
when bensulfuron-methyl is applied to young emerging and actively growing 
weeds (Anonymous 1997).
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While bensulfuron-methyl effectively controls many aquatic weeds, the 
highest labeled rate of 71 g ai/ha only suppresses of alligatorweed (Anonymous 
1997). Combination of bensulfuron-methyl with other herbidds may be an 
option to enhance alligatorweed control. A mixture of two or more herbiddes is 
commonly used to increase efficacy and broaden the weed control spectrum 
(Braverman 1995).
Rice fields often contain multiple grass and broadleaf weeds along with 
annual and perennial sedges. To obtain control of these weeds, several herbidde 
applications are often made at the same time. The bensulfuron-methyl label 
states that it can be tank-mixed with thiobencarb and molinate. Jordan (1995) 
reported that bensulfuron-methyl can be applied with fenoxaprop-ethyl without 
reducing bamyardgrass (Echinochloa crus-galli L.) control. Braverman (1995) 
reported that when thiobencarb or molinate is placed on a fertilizer granule with 
bensulfuron-methyl, control of ducksalad fHeteranthera limosa (Sw.) Willd.] 
was reduced.
In most cases, agrichemicals applied in combination will act 
independently with no adverse reaction to the crop or target pest (Snipes and 
Allen 1996). It may be possible to use lower rates when tank  mixing herbicides 
(Green 1991).
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The objective of this research was to determine the effectiveness of 
bensulfuron-methyl in combination with other rice herbicides for alligatorweed 
control and rice injury.
MATERIALS AND METYODS 
G reenhouse Study. A Crowley silt loam (fine montmorillonitic, thermic Typic 
Albaqualf) with a pH 5.5, 1.4% organic matter, and cation exchange capacity of 
19.1 was placed in 9 X 15 cm plastic cups. Each cup was filled with soil to 
approximately 12 cm to allow for a 2.5 cm flood. A 15 cm cutting of 
alligatorweed was transplanted into individual cups. Greenhouse-grown 1-leaf 
‘Maybelle’ rice was transplanted into individual cups. Alligatorweed and rice 
were allowed to grow for approximately 2 wk after transplanting before herbicide 
application.
The experimental design was a randomized block with a factoriol 
arrangement of treatments. The first factor was bensulfuron-methyl at 0, 21, 42, 
and 84 g ai/ha, and the second factor was quinclorac at 90 g ai/ha, triclopyr at 
284 g ai/ha, molinate 2.5 Kg ai/ha plus propanil 2.5 Kg ai/ha and nonionic 
surfactant1 at 0.25% (v/v). Treatments were applied with a CO, pressurized
lX.-77, a mixture of alkylaryl-polyoxyethylene glycols, free fatty adds, and 
isopropanol. Produced by Valent U.S A. Corp., P. O. Box 8025, Walnut 
Creek, CA. 94596.
57
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
backpack sprayer in a spray volume of 112 L/ha at a pressure of 145 kpa. The 
experiment was repeated and data was pooled.
At 28 days after treatment (DAT), all plants were harvested by cutting at 
the soil line and allowed to dry in a oven at 40 C for 2 days and dry weights 
were recorded.
Field study. Experiments were conducted at the Rice Research Station near 
Crowley, LA in 1993, 1994, and 1995. The soil was a Crowley silt loam (fine 
montmorillonitic, thermic Typic Albaqualf) with a pH of 5.5 and 1.4% organic 
matter. Plot size was 1m X 4.5m (4.4 X 10"4 ha). Each plot was bordered with 
metal flashing and sealed with soil adjacent to the experimental area in order to 
prevent treated flood water from moving between plots.
Approximately 2.5 kg of alligatorweed stem cuttings ranging in length 
from 20 to 100 cm were transplanted into each plot. In 1993, 1994, and 1995 
alligatorweed was transplanted 2, 6, and 6 weeks prior to initial treatments, 
respectively.
Pre-germinated ‘Maybelle’ rice was aerially seeded at 140 kg/ha on M ay 
14, 1993, M ay 20, 1994, and June 9, 1995. Rice stand establishment was not 
successful in 1995 due to adverse weather conditions and excessive water-fowl 
damage. Plots were drained after seeding for rice establishment, and a
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perm anent 5 to  10 cm flood was established when rice reached the 4- to 5- leaf 
stage.
The experimental design was a randomized complete block design with a 2 
factorial arrangement of treatments and 4 replications. Treatments and 
bensulfuron-methyl tank-mix partners and rates were the same as described for 
the greenhouse study. Visual ratings of alligatorweed and rice injury were 
recorded 14 and 28 DAT based on a rating scale of 0 = no effect to 100% = all 
plant dead.
D ata from greenhouse and field studies were subjected to analysis of 
variance to test for possible interactions of bensulfuron rate, tank-mix partner 
herbicide, and years. Tables appropriate for the interactions were constructed 
and treatm ents were compared using Fisher’s protected LSD at the 5% level of 
significance.
RESULTS AND DISCUSSION 
G reenhouse  study: Rice dry weights were equivalent regardless of herbicide 
treatm ent (data not shown). A bensulfuron-methyl rate by tank-mix partner 
interaction for alligatorweed dry weight was observed and results were averaged 
over experiments (Table 4.1). Herbicides applied with bensulfuron-methyl 
reduced alligatorweed dry weight compared with bensulfuron-methyl applied 
alone a t all application rates 40 to 90% (Table 4.1). For individual
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rates of bensulfuron-methyl, addition of quindorac, tridopyr, or molinate plus 
propanil increased alligatorweed control when compared with bensulfuron- 
methyl alone. O f interest is that quindorac, tridopyr, or molinate plus propanil 
applied alone controlled alligatorweed 68, 83, and 74%, respectively, and control 
did not increase greater when applied in combination with bensulfuron-methyl. 
Field stu d y : No rice injury was detected in the field study (data not shown). A 
bensulfuron-methyl by tank-mix partner by year interaction occurred for 
alligatorweed control 14 and 28 DAT (Table 4.2). Quindorac controlled 
alligatorweed 36 to 40% 14 DAT and controlled increased 40 to 80% 28 DAT. 
Tridopyr controlled alligatorweed 60 to 84% 14 DAT and increased to 63 to 
90% 28 DAT. Alligatorweed was controlled 26 to 79% 14 DAT with molinate 
plus propanil and 20 to 90%, 28 DAT.
Control of alligatorweed by bensulfuron-methyl varied considerably. 
Fourteen DAT control was 16 to 26, 10 to 30 and 20 to 40% for 21, 42, and 84 
g/ha bensulfuron-methyl, respectively. W hen compared to the nontreated check, 
bensulfuron-methyl controlled alligatorweed better only 1 in 3 years for 21 and 
42 g/ha rates. The 84 g/ha rate controlled alligatorweed better than the 
nontreated check 2 out of 3 years. Only the 42 g/ha 1994 and the 84 g/ha 1993
60
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Table 4 .1 . Alligatorweed dry weight and percent weight reduction compared 
with nontreated as affected by bensulfuron-methyl rate and herbicide tankmix 
partner in the greenhouse study.




Alligatorweed dry weight g/cup
none 1.66 1.00 (40) 0.84 (49) 0.90 (46)
quindorac 0.53 (68)b 0.36 (78) 0.42 (75) 0.43 (74)
tridopyr 0.28 (83) 0.52 (68) 0.32 (81) 0.24 (86)
molinate +propanil 0.43 (74) 0.24 (86) 0.16 (90) 0.34 (80)
nonionic surfactant 0.90 (46) 0.70 (58) 0.36 (64) 0.70 (58)
LSD (0.05) ------------- 0.28 (17)---------
3Rates used for quindorac 90 g'Tia, tridopyr 284 g/ha, molinate 2.5 ICg/ha and 
propanil 2.5 ICg/ha, nonionic surfactant 0.25%(v/v).
bValue in parentheses represent percent of nontreated control reduction in dry 
weight compared with the nontreated control.
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Table 4 .2 . Alligatorweed control at 14 and 28 days after treatm ent (DAT) as afected by bensulfuron-m ethyl rate 
and herbicide tank  mix partner in the field study._________________________________________________________
Alligatorweed control
Bensulfuron- Herbicide tank 14 DAT 28 DAT
m ethyl rate mix p a rtn e ra 1993 1994 1995 1993 1994 1995
(g/ha) % %/o /0
0 none 0 0 0 0 0 0
quindorac 36 40 36 40 89 51
tridopyr 84 76 60 63 88 90
molinate + propanil 26 79 53 20 90 90
nonionic surfactant 15 0 0 0 0 0
21 none 26 21 16 45 81 33
quindorac 78 64 30 35 99 80
tridopyr 83 86 56 44 98 90
m olinate + propanil 48 76 28 28 91 73






















Bensulfuron- Herbicide 14 DATb 28 DAT
methyl rate tank  mix" 1993 1994 1995 1993 1994 1995
(g/lia) ot./O /O '
42 none 18 10 30 63 70 75
quinclorac 63 48 46 54 95 71
triclopyr 83 81 48 24 89 85
m olinate + propanil 60 60 61 46 91 76
nonionic surfactant 16 40 39 60 89 68
84 none 40 31 20 53 91 56
quinclorac 66 66 46 41 91 85
triclopyr 79 68 43 54 90 74
m olinate + propanil 66 63 29 49 94 43
nonionic surfactant 51 16 25 60 91 68
LSD (0.05) 9 q °nZ U
“Rates used for quinclorac 90 g/ha, triclopyr 284 g/ha, m olinate 2.5 kg/ha and propanil 2.5 kg/ha, nonionic 
surfactant 0.25%(v/v).
treatments were significantly different; all other rates of bensulfuron-methyl 
resulted in  similar control.
A t 28 DAT, control was 31 to 81, 63 to 75 and 53 to 91% for 21, 42, and 
84 g/ha bensulfuron-methyl, respectively. When compared to the non-treated 
check, bensulfuron-methyl controlled alligatorweed better at all rates and years. 
There was no clear effect of bensulfuron-methyl rate on alligatorweed control.
Quinclorac tank-mixed with bensulfuron-methyl increased alligatorweed 
control 2 out of 3 years with 21 g/ha bensulfuron-methyl, 2 out of 3 years with 
42 g/ha bensulfuron-methyl, and 3 out of 3 years with 84 g/ha bensulfuron- 
methyl, 14 DAT compared with bensulfuron-methyl alone. Triclopyr tank- 
mixed w ith bensulfuron-methyl increased alligatorweed control 3 out of 3 years 
with 21 g/ha bensufluron-methyl, 2 of 3 years with 42 g/ha bensulfuron-methyl, 
and 2 ou t of 3 years with 84 g/ha bensulfuron-methyl 14 DAT compared with 
bensulfuom-methyl alone. Molinate plus propanil tank-mixed with bensulfuron- 
methyl increased alligatorweed control 1 out of 3 years with 21 gha 
bensulfuron-methyl, 3 out of 3 years for 42 g/ha, and 2 out of 3 years with 84 
g/ha bensufluron-methyl 14 DAT compared with bensulfuron-methyl alone. 
Nonionic surfactant tank-mixed with bensulfuon-methyl only increased 
alligatorweed control in 1994 with 42 g/ha; all other combinations were 
equivalent at 14 DAT.
64
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Quinclorac when tank-mixed with bensulfuron-methyl increased
alligatorweed control only in 1995 a t  a bensulfuron-methyl rate of 21 g/ha 28
DAT compared with bensulfuron-methyl alone. Triclopyr when tank-mixed with
bensulfuron-methyl increased alligatorweed control only in  1995 at a
bensulfuron-methyl rate of 21 g/ha 28 DAT when compared to bensulfuron-
methyl alone. Molinate and propanil when tank-mixed w ith  bensulfuron-methyl
increased alligatorweed control in 1995 at a bensulfiiom-methyl rate of 21 g/ha
and in 1994 at a bensulfuron-methyl rate of 42 g/ha 28 DAT when compared to
bensulfuron-methyl alone.
In conclusion, the addition of tank-mix partner to bensulfuron-methyl
rarely increased alligatorweed control, and no tank-mix partner consistently
increased alligatorweed control. The addition of a tank-mix partner to
bensulfuron-methyl is not recommended.
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CHAPTER 5 
SUMMARY
Studies to model the activity of bensulfuron-methyl on alligatorweed 
fAltemanthera philoxeroides (M art.) Griseb.] in response to temperature 
obseved th a t the models were linear 7 DAT and quadratic 14 and 28 DAT. The 
28 DAT models appear to be related to detoxification, adsorption and 
translocation. Increased absorption and translocation increaseds phytotoxicity, 
while detoxification decreases phytotoxicity. The opposing responses of 
adsorption and translocation compared with detoxification results in a quadratic 
response of phytotoxicity as related to temperature. Aligatorweed control, with 
early season bensulfuron-methyl application, may not achieve optimal control if 
temperatures are below 20 C or above 23 C.
A  laboratory study was conducted to evaluate the adsorption of 
bensulfuron-methyl in four Louisiana soils. The Freundlich equation adequately 
described bensulfuron-methyl adsorption with R2 values ranging from 0.92 to 
0.99. Similar IC values were observed for all four soils ranging from 0.95 to 2.99 
indicating th a t bensulfuron-methyl was weakly adsorbed to the four soils 
evaluated.
A  laboratory study was conducted to evaluate pH influence on the 
adsorption of bensulfuron-methyl. As soil pH  is adjusted farther from the
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original soil pH, the isotherm developed had a smaller R2. The R2 values ranged 
from 0.77, 0.61, 0.29, and 0.18 for pH 5.0, 6.0, 7.0, and 8.0 respectively. As 
pH increased IC had a downward trend, toward decreased adsorption. The poor 
fit of data at pH  7 and pH  8 prevents a stronger assessment of the data.
Studies were conducted to evaluate herbicide interactions when applied in 
combination with bensulfuron-methyl. The addition of tank-mix partners to 
bensulfuron-methyl rarely increased alligatorweed control, and no tank-mix 
partner consistently increased alligatorweed control. The addition of a tank-mix 
partner to bensulfuon-methyl is not recommended.
68
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
APPENDIXES
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Appendix A . Twenty eight day average temperatures and their 95% confidence 
intervals from NOAA 1980-1989 local climatogical data: Lack Charles, LA.
Month Day 28 day average temperature
March 1 16.0 +/- 2.2
March 2 16.2 +/- 2.3
March 3 16.2 +/- 2.5
March 4 16.2 +/- 2.5
March 5 16.3 +/- 2.5
March 6 16.5 +/- 2.7
March 7 16.7 + /-3 .1
March 8 16.9 +/- 3.4
March 9 17.0 +/- 3.6
March 10 17.1 +/- 3.6
March 11 17.1 +/- 3.6
March 12 17.3 +/- 3.6
March 13 17.3 +/- 3.4
March 14 17.3 + /-3 .0
March 15 17.3 +1-2.7
March 16 17.4 +/- 2.5
March 17 17.4 +/- 2.4
March 18 17.5 +/- 2.4
March 19 17.6 +/- 2.5
March 20 17.7 +/- 2.7
Appendix continued
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Appendix A. Continued
M onth Day 28 day average temperature
March 21 17.8 +/- 2.8
March 22 18.0 +/- 2.8
March 23 18.3 +A 2.8
March 24 18.5 +1-2.9
March 25 18.7 + /-3 .0
March 26 18.9 +/- 2.9
March 27 18.9 + /-3 .0
March 28 19.0 +/- 2.9
March 29 19.1 +/-2.8
March 30 19.3 +/- 2.8
March 31 19.5 +/- 2.8
April 1 19.7 +/- 2.8
April 2 19.9 +/- 2.8
April 3 20.0 +/- 2.7
April 4 20.1 +/- 2.6
April 5 20.3 +/- 2.7
April 6 20.4 +/- 2.8
April 7 20.6 +/- 2.8
April 8 20.7 +/- 2.8
April 9 20.9 +/- 2.7
April 10 21.0 +/- 2.6
April 11 21.3 +/- 2.5
Appendix continued
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Appendix A. Continued
M onth Day 28 day average temperature
April 12 21.4 +/- 2.4
April 13 21.6 +/-2.2
April 14 21.7 +/- 2.1
April 15 21.8 +/- 2.0
April 16 21.9 + /-2.0
April 17 22.2 +/- 2.0
April 18 22.3 +/-2.1
April 19 22.4 +/- 2.0
April 20 22.5 +/- 2.0
April 21 22.7 +/- 1.9
April 22 22.7 +/- 1.8
April 23 22.8 +/- 1.7
April 24 22.9 +1- 1.6
April 25 23.1 +/- 1.6
April 26 23.3 +/- 1.6
April 27 23.4 +/- 1.6
April 28 23.5 +/- 1.5
April 29 23.6 +/- 1.4
April 30 23.7 +/- 1.4
May 1 23.9 +/- 1.5
May 2 23.9 +/- 1.5
May 3 24.1 +/- 1.5
Appendix continued
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Appendix A. Continued
M onth Day 28 day average temperature
M ay 4 24.2 +/- 1.5
May 5 24.3 +/- 1.6
M ay 6 24.4 +/- 1.6
M ay 7 24.5 +/- 1.7
May 8 24.6 +/- 1.8
May 9 24.8 +/- 1.7
Mavj 10 24.9 +/- 1.7
May 11 25.1 +/- 1.7
May 12 25.3 +/- 1.8
May 13 25.4 +/- 1.8
M ay 14 25.5 +/- 1.9
May 15 25.5 +/- 1.9
May 16 25.6 +/- 2.0
May 17 25.7 +/- 2.0
M ay 18 25.8 +/- 2.0
M ay 19 25.9 +/- 2.0
May 20 26.0 +/- 2.0
May 21 26.1 +/- 1.9
May 22 26.2 +/- 1.9
May 23 26.3 +/- 1.9
May 24 26.4 +/- 1.9
May 25 26.4 +/- 1.9
Appendix continued
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Appendix A . Continued
M onth Day 28 day average temperature
May 26 26.5 +/- 1.9
May 27 26.6 +/- 1.8
May 28 26.6 +/- 1.8
May 29 26.7 +/- 1.8
May 30 26.8 +/- 1.6
May 31 26.8 +/- 1.9
June 1 27.1 +/- 1.0
June 2 27.1 + /-0 .9
June 3 27.2 +/- 0.8
June 4 27.4 +/- 1.3
June 5 27.5 +/- 1.3
June 6 27.5 +/- 1.3
June 7 27.5 +/- 1.4
June 8 27.5 +/- 1.3
June 9 27.5 +/- 1.3
June 10 27.5 +/- 1.3
June 11 27.5 +/- 1.3
June 12 27.6 +/- 1.3
June 13 27.6 +/- 1.4
June 14 27.7 +/- 1.4
June 15 27.8 +/- 1.4
June 16 27.8 +/- 1.4
Appendix continued
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Appendix A. Continued
M onth Day 28 day average temperature
June 17 27.8 +/- .4
June 18 27.9 +/- .4
June 19 27.9 +/- .4
June 20 28.0 +/- .4
June 21 28.0 +/- .4
June 22 28.1 +/- .4
June 23 28.1 +/- .5
June 24 28.1 +/- .4
June 25 28.1 +/- .4
June 26 28.1 +/- .4
June 27 28.1 +/- .4
June 28 28.1 +/- .3
June 29 28.1 +/- .3
June 30 28.2 +/- .2
July 1 28.2 +/- .1
July 2 28.3 +/- .0
July 3 28.3 +/- 4.0
July 4 28.3 +/- .0
July 5 28.3 +/- .0
July 6 28.4 +/- .0
July 7 28.4 +/- .0
July 8 28.4 +/- .1
Appensix continued
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Appendix A. Continued
M onth Day 28 day average temperature
July 9 28.5 +/- 1.1
July 10 28.5 +/- 1.1
July 11 28.5 +/- 1.1
July 12 28.5 +/- 1.1
July 13 28.5 +/- 1.1
July 14 28.4 +/- 1.2
July 15 28.4 +/- 1.2
July 16 28.4 +/- 1.2
July 17 28.3 +/- 1.3
July 18 28.3 +/- 1.3
July 19 28.3 +/- 1.3
July 20 28.3 +/- 1.4
July 21 28.3 +/- 1.4
July 22 28.4 +/- 1.4
July 23 28.4 +/- 1.4
July 24 28.4 +/- 1.3
July 25 28.4 +/- 1.2
July 26 28.4 +/- 1.2
July 27 28.4 +/- 1.2
July 28 28.4 +/- 1.2
July 29 28.4 +/- 1.2
July 30 28.4 +/- 1.2



















A ppendix B. Rice injury at 14 and 28 days after treatm ent (DAT) as 
herbicide tank mix and year in the greenhouse.




Herbicide 14 DAT 28 DAT
tank mix3 1995 1996 1995 1996
( g M %
0 none 0 0 0 0
quinclorac 0 4 0 0
triclopyr 15 3 54 4
m olinate + propanil 0 0 0 0
nonionic surfactant 0 0 0 0
21 none 0 3 0 0
quinclorac 0 10 1 1
triclopyr 5 15 11 4
m olinate + propanil 5 4 0 0






















Herbicide3 14 DAT 28 DAT
tank  mix 1995 1996 1995 1996
42 none 1 0 3 0
quinclorac 0 0 0 0
triclopyr 44 5 85 4
m olinate + propanil 4 3 1 4
nonionic surfactant 0 8 0 0
84 none 0 0 0 0
quinclorac 0 0 0 1
triclopyr 13 3 65 0
m olinate + propanil 3 0 1 1
nonionic surfactant 3 1 0 0
LSD (0.05) 8 8


















Appendix C . Rice heights at 14 and 28 days after treatm ent (DAT) as affected by bensulfuron m ethyl rate and 
tank  mix in the greenhouse.________________________________________________________________________
____________________Rice heights___________________
Bensulfuron-methyl Herbicide





m olinate + propanil 47 69




molinate + propanil 44 65
























14 DAT 28 DAT
(g/ha) cm
42 no tank  mix 44 61
quinclorac 44 59
triclopyr 34 43
m olinate + propanil 44 64
nonionic surfactant 41 62
84 no tank mix 43 63
quinclorac 43 61
triclopyr 39 47
m olinate + propanil 41 61
nonionic surfactant 42 56
LSD (0.05) 4 NS


















Appendix D . Ducksalad control and leaf number at 14 and 28 days after treatment (DAT) as affected by 
bensulfuron-methyl rate by herbicide tank mix by year in the greenhouse.______________________________
Bensulfuron-m ethyl Herbicide'1 
rate tank  mix
Ducksalad control Ducksalad leaf num ber
14 DAT 28 DAT 14 DAT 28 DAT






no tank  mix 1 0 0 0 6 12 7 20
quinclorac 9 6 21 4 5 10 6 14
triclopyr 100 84 99 95 0 4 0 2
m olinate + propanil 20 8 30 26 4 4 6 7
nonionic surfactant 6 10 8 1 3 8 7 10
no tank mix 33 39 43 88 2 4 3 3
quinclorac 36 70 95 98 2 3 1 0
triclopyr 99 93 99 100 0 2 0 0
m olinate + propanil 51 75 49 86 3 2 2 4



















Ducksalad control Ducksalad leaf num ber
Bensulfuron-methyl Herbicide 14 DAT 28 DAT 14 DAT 28 DAT
rate tank mix3
1995 1996 1995 1996 1995 1996 1995 1996
(g/ha) % #
42 no tank  mix 40 46 88 100 1 3 1 0
quinclorac 98 26 95 100 3 3 1 0
triclopyr 99 91 95 100 1 1 1 0
m olinate + propanil 21 96 56 100 1 1 3 0
nonionic surfactant 13 85 99 100 3 1 0 0
84 no tank  mix 30 75 90 100 4 2 0 0
quinclorac 24 91 76 99 3 3 1 1
triclopyr 100 79 99 100 0 3 0 0
m olinate + propanil 100 99 99 100 0 0 0 0
nonionic surfactant 49 64 98 100 2 1 1 0
LSD (0.05) 22 17 2 3


















Appendix E. Alligatorweed control and height 14 and 28 day after treatm ent (DAT) as affected by bensulfuron 
m ethyl rate, herbicide tank  mix and year in the greenhouse._________________________________________________
Bensulfuron- Herbicide
Alligatorweed control Alligatorweed height
14 DAT 28 DAT 14 DAT 28 DAT
m ethyl rate Tank mix3 1995 1996 1995 1996 1995 1996 1995 199(
(gflia) % cm
0 no tank  mix 0 0 0 0 52 31 115 82
quinclorac 34 12 48 65 27 28 22 27
triclopyr 96 48 100 71 7 25 0 24
m olinate + propanil 68 69 79 56 18 22 16 45
nonionic surfactant 23 9 30 1 25 28 52 56
21 no tank  mix 35 11 55 16 23 26 30 52
quinclorac 53 53 57 73 23 22 26 20
triclopyr 75 58 96 78 12 22 3 22
m olinate + propanil 64 85 83 80 20 17 22 16




















Alligatorweed control Alligatorweed height
Bensulfuron- Herbicide 14 DAT 28 DAT 14 DAT 28 DAT
m ethyl rate T ank  mix9 1995 1996 1995 1996 1995 1996 1995 1996
(g/ha) % cm
42 no tank  mix 15 9 48 45 22 23 32 37
quinclorac 31 34 80 66 23 29 12 28
triclopyr 64 50 96 81 17 22 4 22
m olinate + propanil 65 73 79 77 19 19 24 25
nonionic surfactant 26 11 53 53 20 24 24 40
84 no tank  mix 11 8 50 45 24 25 46 38
quinclorac 46 28 75 85 23 26 16 25
triclopyr 78 85 99 90 15 18 1 13
m olinate + propanil 69 83 85 71 18 25 38 31
nonionic surfactant 25 10 54 55 20 24 24 27
LSD (0.05) 19 18 6 18


















Appendix G . Ducksalad control at 14 and 28 days after treatm ent (DAT) as affected by bensulfuron-m ethyl rate, 
herbicide tank  mix and year in the field study.______________________________________________________
Ducksalad control
Bensulfuron- Herbicide  14 DAT_______    28 DAT
m ethyl rate tank mixa
1993 1994 1995 1993 1994 1995
(g/ha) % %
0 no tank  mix 0 0 0 0 0 0
quinclorac 11 68 30 40 89 52
triclopyr 13 71 53 63 88 90
m olinate + propanil 8 70 60 20 90 90
nonionic surfactant 8 0 0 0 0 0
21 no tank  mix 8 8 19 45 81 33
quinclorac 15 58 30 35 99 80
triclopyr 19 73 53 44 98 90
m olinate + propanil 6 54 29 24 91 73




















Bensulfuron- Herbicide 14 DAT 28 DAT
m ethyl rate tank mix"
1993 1994 1995 1993 1994 1995
(g/ha) % %
42 no tank  mix 13 9 39 63 70 75
quinclorac 19 28 26 54 95 71
triclopyr 14 59 54 24 89 85
m olinate + propanil 5 78 32 46 91 76
nonionic surfactant 18 25 60 60 89 68
84 no tank  mix 13 13 44 53 91 56
quinclorac 14 30 43 41 91 85
triclopyr 20 74 59 54 90 74
m olinate + propanil 13 60 34 49 94 43
nonionic surfactant 20 33 43 60 91 68
LSD (0.05) 19 18
"Rates for; quinclorac 90 g/ha; triclopyr 284 gdia; molinate 2.5 kg/ha and propanil 2.5 kg/ha, nonionic surfactant
0.25%(v/v).
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